Endogenous retrovirus-like sequences homologous to intracisternal type-A particle (IAP) genes, which are present in the inbred mouse (Mus musculus) genome, were cloned from a Syrian hamster gene library. A typical hamster IAP gene was 7 kb long and segments homologous to long terminal repeat (IAP) sequences present in Mus musculus IAP genes were located at both ends of the gene. Contrary to the pattern found in the Mus musculus IAP genes, the organization of the cloned hamster IAP genes was not markedly polymorphic and deletion was not observed among these cloned genes. A sequence about 0.8 kb long and located close to the 3' end of the hamster IAP gene was well conserved in both IAP gene families, although they showed less overall homology with one another. The reiteration frequency of the hamster IAP genes was calculated to be 950 copies per haploid genome. Since such IAP genes with the above properties were not found in the genome of the Chinese hamster, whose progenitors diverged from those of the Syrian hamster about 7.5 Myr ago, the integration of a huge number of Syrian hamster IAP genes must have occurred subsequent to such divergence. 
INTRODUCTION
Intracisternal type-A particles (IAPs) are retrovirus-like particles found in most tumor and early embryonic cells of inbred mice (1-6) and of other mammals (7-13). As shown in other retrovirus particles, IAPs have particleassociated single-stranded poly(A)-containing RNAs (IAP RNAs) of 4 to 7 kb long (14-16). IAP RNA, however, has no apparent sequence homology with either type-B or type-C murine retroviral RNA (17) although a certain class of retroviruses endogenous to the Asian murine species, Mus caroli and Mus cervicolor, has been reported to share partial sequence homology with IAP RNA (18, 19) DNA sequences complementary to mouse IAP RNA (IAP genes) are reiterated at about 1,000 copies per haploid genome of both normal and transformed cells in the inbred mouse (15,20,21) and localized dispersedly on many chromosomes (20) . In contrast, the numbers of endogenous genes homologous to murine type-B and type-C retroviruses have been reported to be less than 1/20 of that of IAP genes present in inbred mouse genome. A typical IAP gene isolated from the Mus musculus gene libraries was 7 kb long (16, 22, 23) and at both ends of the gene had long terminal repeat (LTR) sequences 0.4 kb long (16,23) with U3-U5 structures (16,24) known as other retrovirus LTRs (25) . The structures of cloned IAP genes were fairly polymorphic and a portion of the IAP gene was missing in some clones (15, 16) .
Unlike murine type-B and type-C endogenous retrovirus genes (26-29), similar numbers and organizations of these IAP genes were widely distributed among subspecies of Mus musculus (16, 21) which are thought to have diverged from one another about one to two Myr ago (30) . Furthermore, sequences homologous to Mus musculus IAP genes were detected 1n the DNAs prepared not only from Mus caroli and Mus cervicolor, but also from other rodent animals, and even from cats and monkeys (31) . Among the rodent animals, repetitive sequences homologous to Mus musculus IAP genes were detected in Syrian hamster genome (31) . On the other hand, such distinctive sequences were not found in the DNA prepared from rats (Rattus norvegicus) or Chinese hamsters (Cricetulus griseus) which are generally thought to be phylogenetically much closer to inbred mice and Syrian hamsters, respectively (32).
We were much interested in these IAP gene-like sequences present in the Syrian hamster genome because of their unusual distribution in the order Rodentia. In order to prove the structure, reiteration frequency, and origin of these genes, hamster IAP genes were cloned from a gene library. We found that highly repetitive and mutually homologous hamster IAP genes were 7 kb in length and contained putative LTR sequences, although the sequence homology between Mus musculus and Syrian hamster IAP gene families was limited.
MATERIALS AND METHODS Preparation of DNAs and Filter Hybridization
High molecular weight DNAs were prepared from livers of Syrian hamsters and BALB/c mice, as described previously (15) . Restriction endonucleases and T 4 ligase were obtained from Takara Shuzo Co., and digesions were carried out according to the instructions of the supplier. DNA fragments were electrophoresed in an agarose gel (15) and transfered to a nitrocellulose membrane (Schleicher and Schiill) following the method of Southern (33) . The sizes of the digested fragments (1n kb) were determined from the Hind III digest of AcI857 DNA on the same gel. Recombinant DNA clones containing IAP genes from the Swiss/Webster gene library have been described previously (15, 23 
RESULTS

Cloning of Syrian Hamster IAP Genes
Gene libraries were screened with probes prepared from a Mus musculus IAP gene (Fig. 1) . Using probe I (1.4 kb fragment, see Fig. 3 ), which was generated from the middle portion of the Mus musculus IAP gene (15,23), we could not find any significant difference between the number of spots per filter from BALB/c mouse and that from Syrian hamster, although this probe hybridized more intensely with BALB/c clones than with hamster ones. As suggested previously (31), this result strongly Indicated the presence of Syrian hamster IAP genes which are highly repetitive but less homologous to Mus musculus ones.
As judged from the average number of three experiments 1n which 1.5 x 10'' recombinant plaques were screened, the frequencies of positive spots were determined to be 0.37% on BALB/c and 0.50% on hamster libraries, respectively. Since more than 95% of the screened phages were determined to be recombinants, the number of IAP genes possessing a certain part of the probe I sequence was calculated to be 700 copies per BALB/c and 950 copies per 
Organization of Cloned Hamster IAP Genes
From the hamster gene library, recombinant phages which possessed sequences hybridizable with probe II were selected as clones of Syrian hamster IAP genes. DMAs prepared from plaque purified clones of the hamster IAP genes were digested with Eco RI and analyzed by the Southern blotting technique (Fig. 2) . In eight clones analyzed, all had at least two Eco RI fragments hybridizable with probe II and one of them was almost identical 1n length in all 8 clones. The size of this common Eco RI fragment was determind to be 1.7 kb long. All clones but XH15 had a Eco RI fragment strongly hybridizable with probe II. 
